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ABSTRACT
An experiment to measure the effect of row spacings 
and corn-sorghum combinations (Zea mays L. and Sorghum 
bicolor L ., respectively) on forage production and plant 
components was conducted at the Xdlewild Agricultural 
Experiment Station, Clinton, Louisiana in 1973 and 1974.
A randomized complete block design with a split- 
plot arrangement of treatments was used in both years of 
the study. The main-plot was row spacing. Row spacings 
were 20, 30, and 40 inches. The sub-plot factor was 
the combinations of corn and sorghum including both 
species grown in pure stand. The sorghum hybrids in­
cluded in this experiment were Pioneer 931 (tall forage 
sorghum), NK 300 (medium height forage sorghum) and NK 
Savanna (grain sorghum). During the second year of this 
study NK Savanna was replaced by Funk’s BR G516 (grain 
sorghum). The change was made because of the differ­
ences in maturity between the two sorghum hybrids. The 
corn used was Funk’s G-4949, a full season hybrid.
The corn was planted alone at a population of 25,000 
plants per acre. The sorghum planted alone was seeded 
at the rate of 10 pounds per acre. Mixtures of corn 
and sorghum were planted using planting rates of corn to 
provide stands of corn equal to 1/4, 1/2, and 3/4, 
respectively, of the population of corn planted alone.
Each population of corn was interplanted in the same row 
with 3.0, 5.0, and 7.5 pounds of sorghum seed per acre.
Maximum yield of dry forage was produced by tall 
forage sorghum planted alone. Grain sorghum planted in 
pure stand gave the lowest yield of forage. Tall forage 
sorghum planted in combination with corn produced signi­
ficantly higher yields than the mixtures of corn and 
grain sorghum. The forage yield from all the corn-sorghum 
mixtures planted in 20-inch rows was significantly higher 
than that obtained from the 30- or 40-inch rows.
Tall forage sorghum in pure stand produced forage with 
significantly less dry matter than the mixtures of medium 
height forage sorghum containing \ and \ corn. No signifi­
cant differences in the dry matter content of the forage 
were obtained among the remaining treatments. The lowest 
percentage of dry matter in the forage resulted from the 
tall forage sorghum planted alone. Changes in row widths 
did not significantly affect the percentage of dry matter 
in the forage from the corn-sorghum mixtures.
Grain sorghum and tall forage sorghum grown alone 
produced forage with a significantly higher percentage 
of leaves than corn or medium height forage sorghum 
grown in pure stand. The proport ion of leaves in forage 
from all corn-sorghum mixtures was not significantly 
affected by the row widths.
The maximum percentage of stems in the forage was 
obtained from tall forage sorghum grown alone. Average
percentage of stems in the forage from all the corn- 
sorghum mixtures planted in 30-inch rows did not differ 
significantly from the corn-sorghum mixtures planted in 
40- or 20-inch rows. However, the stem content in forage 
from all corn-sorghum mixtures planted in 40-inch rows 
was significantly lower than that of the mixtures planted 
in the 20-inch rows.
Interplanting corn with tall forage sorghum increased 
significantly the grain content in forage as compared with 
tall forage sorghum grown alone. However, the increase 
in percentage of grain in the forage was not significantly 
higher when compared with corn planted alone. Average 
grain content in forage from all the corn-sorghum mix­
tures was not significantly affected by row widths.
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INTRODUCTION
A great interest in forage production for silage 
has been evidenced in the southeastern part of the United 
States by farmers involved in the dairy and beef cattle 
industries. As feed grain and land become more expensive 
and less available for production and maintenance of 
livestock, the increased production of high quality silage 
on less acreage becomes a reasonable approach for the 
solution to the problem.
Because of its relatively high nutritive value and 
the fact that it can be produced on a limited area of 
land, high quality silage plays an important role in feed­
ing operations involving dairy and beef cattle. Accord­
ing to Morrison (1959) some of the advantages of silage 
are: (1) the use of silage makes it possible to keep
more animals on a limited area of land, (2) silage fur­
nishes high-quality succulent feed for any season of the 
year at a relatively low cost, (3) crops may be ensiled 
when the weather does not permit curing them into hay or 
dry fodder, (4) silage, even from plants with coarse 
stalks such as corn and sorghum, is consumed with very 
little waste, (5) the crop from a given area can be stored 
in less space as silage than as dry forage, and (6) when 
a corn or sorghum crop is ensiled, the forage is removed 
from the land early so that it may be prepared for 
another crop.
2A considerable amount of research on silage crops, 
mainly corn and sorghum, has been conducted in recent 
years. Generally, where equal tonnage of corn and forage 
sorghum silage can be produced, corn silage is preferred 
because of its greater nutritive value. (Owen et a l . ,
1957, Owen et al., 1959 and Lance <at al., 1964). However, 
forage sorghum with its ability to tolerate more heat 
and moisture stress can compete with corn as a silage 
crop in certain areas. It has been shown that under 
conditions of high temperature and drought, forage sorghum 
has yielded much more than corn. (Arnold, 1969, Nordquist 
and Rumery, 1967 and Duncan, 1960).
Many of the studies on corn and sorghum as silage 
crops have been concerned with the effect of population, 
row spacing and seeding rate on yield of either corn or 
sorghum, but very little information has been published 
pertaining to the effect of corn-sorghum combinations 
on forage production and plant components. Because of 
the need for increased production of quality forage, 
together with a reduction in cost, research is needed to 
determine if tonnage and quality of forage for silage can 
be increased by the use of corn-sorghum combinations.
The objectives of this study were to obtain infor­
mation on the influence of row spacing and corn-sorghum 
combinations on total forage production and plant com­
ponents of both corn and sorghum. To obtain these
objectives, field experiments were conducted over a 
two-year period with different row spacings and varying 
combinations of corn and forage sorghum for silage pro­
duction.
REVIEW OF LITERATURE
Corn and sorghum have been grown as silage crops 
for many years, largely because under normal conditions 
they produce relatively high yields of green forage plus 
adequate amounts of grain. Grain is an important part 
of the silage because of its high concentrations of 
total digestible nutrients and net energy, while green 
material is important because it furnishes the roughage 
needed for livestock feeding.
CORN SILAGE
Of all crops available for silage, corn has been 
considered the most desirable. According to Morrison
(1959), silage from well-matured corn supplied slightly 
more than one-third as much total digestible nutrients 
per 100 pounds as did good-quality hay. Nevens (1933) 
found that the grain types of corn silage were superior 
to late-maturing silage corn, since nutritive value of 
corn silage was closely associated with the proportion 
of grain. Ahlgren (1956), stated that corn silage when 
properly ensiled, preserved readily, made very palatable 
silage, and was useful in feeding all kinds of livestock.
The problem of optimum population and row spacing 
for maximum yields of silage corn has received much atten 
tion by researchers. Several investigators have reported 
that greater forage yields of corn have been obtained
4
5by increasing plant population. According to Armsby 
(1891), when corn silage was first established in the 
United States, the common practice was to use very late 
maturing varieties planted in dense stands. He reported 
that this combination gave the highest forage yields of 
corn. He found an increase of 30 percent in green 
weight of corn when the population was raised from 11,000 
to 44,000 plants per acre. Pumphrey and Dreier (1959) 
reported that yields of corn forage increased as plant 
populations were raised from 14,500 to 24,000 plants per 
acre, however populations from 24,000 to 27,000 plants 
per acre produced similar yields. Parks and Overton
(1960) found that by increasing plant density from 8,000 
to 12,000 plants per acre, the yields of corn forage in­
creased 25 percent. Genter (1960) reported that plant 
populations ranging from 19,000 to 46,900 plants per 
hectare (8,000 - 19,000 plants per acre) did not always 
affect silage yields, but when differences occurred, 
higher yields were associated with plant densities up 
to 46,900 plants per hectare (19,000 plants per acre). 
Roberston et al. (1965), using different corn hybrids 
planted at 19,000, 28,000, and 39,000 plants per acre, 
concluded that increasing plant populations had no 
significant effect on nutrient composition of forage, 
but did increase yields. Under dry land conditions, 
Alessi and Power (1956) found that an increase in plant
6population significantly increased silage yields of corn 
at one location, but usually reduced yields at a second 
location. They reported that the optimum population at 
each location was 10,000 plants per acre. Crowder and 
Rutger (1966) evaluated six corn hybrids at densities of
16.000 , 20,000, 24,000, 28,000 and 32,000 plants per acre. 
They stated that the highest silage yields were obtained 
from 32,000 plants, but these yields were not significantly 
higher than those from 28,000 plants per acre. A year 
later Rutger and Crowder (1967 b.), using populations of
50,000, 88,000 and 125,000 plants per hectare (20,000,
35.000 and 50,000 plants per acre), reported increases of 
6 percent in yields of corn forage as the plant densities 
were increased from 50,000 to 88,000 plants per hectare; 
however total dry matter yields remained constant as the 
population was raised from 88,000 to 125,000 plants per 
hectare (35,000 - 50,000 plants per acre). Thomson and 
Roger (1968) reported increases in yield of corn silage 
when populations were raised from 10.8 plants per square 
meter to 21.5 plants per square meter (43,700 - 87,000 
plants per acre). The authors stated that optimum plant 
densities of about 12 corn plants per square yard (approx­
imately 58,000 plants per acre) produced a more accept­
able product. Lutz and Jones (1969), using corn hybrids 
which differed in maturity, reported that the highest 
corn silage yield was associated with the highest
7population. They found that late-maturing hybrids gave 
higher silage yields than those of early and medium-late 
maturity. The authors attributed the higher silage 
yields from the late hybrids to the longer period of time 
available for the corn plant to grow. Results similar to 
those of Lutz and Jones (1969) were obtained by Cummins 
(1971 a.) and Graves et al. (1973).
Results of various investigators, however, have 
shown that forage yields of corn have not always increased 
by increasing plant population. Alessi and Power (1956), 
using populations ranging from 5,000 to 15,000 plants per 
acre, reported that in one location the grain and silage 
yields of corn were reduced by increasing plant populations 
in a soil with low moisture content. King (1959) evaluated 
two corn hybrids grown for silage at populations of 16,000,
19,000, 20,000 and 32,000 plants per acre, He reported 
that there was no significant difference between hybrids 
or among populations levels in forage yield over a three 
year period. Robinson and Murphy (1972) in Kansas, re­
ported that the forage yield of corn was not significantly 
affected by population density, which ranged from a low 
of 39,500 to 98,800 plants per hectare (15,800 - 39,500 
plants per acre). Results reported by Robinson and 
Murphy agreed with those of Bryant and Blaser (1968).
8Several researchers have stated that the optimum 
plant population of corn grown for silage was the popula­
tion that gave the highest forage yield plus adequate 
amounts of grain. Crumpacker (1965) reported that for 
silage production under conditions of adequate moisture 
and soil fertility, hybrid corn should be planted at a 
population of 22,000 plants per acre. According to 
Brandon (1937), corn grown for silage should be planted 
thicker than that intended for grain production. He sug­
gested that plant populations of 12,000 plants per acre 
would make silage containing about 20 percent grain.
Huffman and Duncan (1956) compared corn silage from Ohio 
M15 (grain corn) and Eureka (silage corn) in feeding trails 
with dairy cows. They found that the cows consumed an 
average of 5.6 pounds of grain per day from Ohio M15 
silage as compared with 0.76 pounds of grain per day when 
fed Eureka silage. Since milk product ion was practically 
equal for cows fed the two silages, the authors concluded 
that the dry matter in the Eureka silage, which contained 
a low proportion of grain, was approximately of the same 
value as that found in the Ohio M15 silage which had a 
high grain content. Waldern (1973) reported that cows 
fed low grain silage (30 percent grain) consumed less 
silage dry matter and produced less fat-corrected milk 
than those fed high grain silage (39 percent grain).
9In addition to studies on plant population, con­
siderable research has been conducted on the effect of 
row spacing on the forage yield of corn. Georgeson et 
al■ (1891) noticed that the heaviest forage yield of 
corn (18.77 tons per acre) was obtained from 42-inch 
rows with a spacing of four inches between plants. Ac­
cording to the authors, the narrow rows (18- and 20- 
inch) did not yield as expected because they could not 
be cultivated. Jones and Meredith (1964), using row 
spacings of 16, 20, 24, 28, 32, 36 and 40 inches with 
various forage species reported that the closer row spac­
ings produced higher yields with all forages. Washko and 
Kjelgaard (1966) reported that corn grown in double rows 
at 83,200 plants per hectare (33,000 plants per acre) 
produced 14 percent more silage than corn grown in single 
rows at the same population. The double rows were plant­
ed eight inches apart with 40 inches from the middle of 
one double row to the middle of the next double row. 
Stickler and Laude (1960) found nonsignificant differences 
in yields of corn forage between 50 cm. and 100 cm. rows 
(20- and 40-inch rows). Forage yields were reduced in 
50 cm. noncultivated rows as compared with cultivated 
rows. The authors stated that grain and stover yields 
of corn were not influenced by plant populations or row 
spacings. Rutger and Crowder (1967 b.) reported an in­
crease in total dry matter by increasing plant densities
10
from 50,000 to 88,000 plants per hectare (20,000 - 50,000 
plants per acre); however the authors also reported no 
effect on the yield of corn silage when changing the row 
width within the 88,000 plant population. Whitaker et 
al. (1969), working with populations of corn ranging from
12.000 to 28,000 plants per acre, reported that higher 
forage yields of corn were due to population differences 
rather than to row spacing. Cummins and Dobson (1973), 
using row spacings ranging from 51 cm. to 102 cm. (20 - 
40 inches) and populations which varied from 30,000 to
86.000 plants per hectare (12,000 - 34,000 plants per 
acre), reported that at one location yields of corn 
silage were higher for the 51 cm. rows than for the 102 
cm. rows. The differences in yield response to row 
spacings in the two-year study, according to the investi­
gators, were probably related to rainfall distribution.
Studies to determine the influence of population 
and row spacing on plant-parts of corn silage have been 
conducted by several researchers. Nevens and Dungan 
(1942) evaluated 16 commercial corn hybrids and found 
that at the silage stage the ears comprised less than 
40 percent of the total forage crop, stalks 36.8 percent 
and leaves 29.7 percent. When the same hybrids reached 
the fodder stage, however, the ears comprised 53.0 percent, 
stalks 22.3 percent and leaves 24.7 percent of the forage. 
Bunting and Willey (1959) found that increasing corn
11
populations from 19,000 to 77,000 plants per acre in­
creased the yields of dry matter, but the percentage 
contribution of the ears to the total dry weight of for­
age was reduced. Harvesting an early corn hybrid when 
the kernels were at the milk stage, Bryant et al. (1966) 
stated that ears comprised an average of 27.2 percent of 
the total dry matter content, leaves 24.8 percent, stalks
34.5 percent and husks 13.5 percent. When the same hy­
brid was harvested in the dent stage, the ears comprised 
an average of 51.2 percent, leaves 18,1 percent, stalks 
23.8 percent and husks 6.9 percent of the forage. Rutger 
and Crowder (1967 a.), evaluating six corn hybrids at
densities of 40,000, 50,000, 60,000, 70,000 and 80,000 
plants per hectare (16,000, 20,000, 24,000, 28,000 and
32,000 plants per acre), found that the percentage of 
grain in the silage ranged from a high of 42.9 percent 
with 50,000 plants to a low of 39.2 percent with 80,000 
plants per hectare. Bryant and Blaser (1968) found that 
the ears of an early hybrid corn grown for silage averaged
68.6 percent of the total forage, leaves 14.5 percent 
and husks 3.9 percent as compared with the percentages 
of a late hybrid in which ears comprised 57.7 percent, 
leaves 20.3 percent and husks 6.5 percent of the forage. 
Doss et al. (1970) found that corn forage planted in 
narrow rows increased dry matter of stalks and leaves of 
corn, but decreased ear yields slightly. The authors
also reported that the ears comprised an average of 36 
percent of the total plant dry weight, stalks 45 percent, 
and leaves 19 percent. Cummins et al. (1970) found that 
the dry forage of several corn hybrids grown at 22,000 
plants per acre, averaged 55 percent ears, 20 percent 
leaves and 28 percent stalks. Genter and Camper (1973), 
using six corn hybrids which included early, medium and 
medium late maturities, found that as the population in­
creased, the plants tended to become proportionately smal 
ler, causing the plant-parts ratios to remain nearly un­
changed. At one location, with populations of corn rang­
ing from 49,000 to 86,000 plants per hectare (19,000 -
34.000 plants per acre) Cummins and Dobson (1973) found 
that the ear content of the forage decreased from 55 per­
cent to 45 percent, but the stalk content increased from 
27 percent to 32 percent. As population increased from
30.000 to 47,000 plants per hectare (12,000 - 29,000 
plants per acre) at a second location, the ear content 
of the forage decreased from 57 percent to 53 percent, 
and the stalk content increased from 16 percent to 18 
percent.
By increasing plant populations, several researchers 
have reported an increase in total dry matter production 
of corn forage. Bushnell (1940) stated that larger corn 
populations resulted in a higher production of dry matter 
Nevens (1933) found that late-maturing corn varieties
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yielded a higher weight of silage corn per acre than 
early varieties, but the early varieties produced a 
higher yield of dry matter. Alexander et al. (1963) 
found that increasing the plant population of corn from
6.000 to 13,000 plants per acre resulted in a 47.9 per­
cent increase in dry matter yield. Mishra e£ al. (1963) 
stated that at three locations, one or two crops per 
year of corn at 200,000 plants per acre yielded 8 to 17 
percent more dry matter than one crop at 16,000 plants 
per acre. Rutger and Crowder (1967 b.) stated that the 
total dry matter of silage corn increased about 6 percent 
when the population was increased from 50,000 to 88,000 
plants per hectare (20,000 - 35,000 plants per acre)
and remained constant as the population was increased to
120.000 plants per hectare (50,000 plants per acre) .
Some research has been centered around the influence
of maturity on the dry matter content of corn silage. 
Farrington (1894) found that the percent dry matter in 
the corn plant, both stalk and ear, increased up to the 
time of maturity. Inee (1916) stated that in the case 
of corn, as the plant matures, there was a progressive 
decrease in moisture content. Byers and Ormiston (1964) 
found that the percent dry matter in corn forage was 
increased about 70 percent when harvest was delayed 
from dent stage to full maturity. They also reported 
that corn forage harvested at the mature stage was nearly
14
equal in feeding value to that harvested in the dent 
stage. Studies conducted by Bryant et al. (1966), Hayden 
and Perkins (1923) and Gordon el; al. (1968) resulted in 
similar findings.
In making a decision on the best time to harvest 
corn silage, Genter (1960) suggested that corn should be 
harvested when the grain has reached the hard dough or 
early glaze stage. At this time, the corn silage in 
terms of total digestible nutrients, dry matter content, 
and digestibility, was at the optimum quality stage of 
growth. Cummins (1970) reported that from the stand 
point of yield and forage composition, there would be an 
advantage in harvesting corn at the dough stage. At 
this point, the dry matter content of the corn forage 
averaged about 30 percent. Evaluating five corn hybrids 
with high grain to forage ratio, Nevens et al. (1954) 
stated that harvesting of corn silage should be done when 
the dry matter of the forage averaged 25 to 30 percent.
Several researchers have made comparative studies 
on the forage production and nutritive value of silages 
made from male-sterile and male-fertile corn. Cummins 
and McCullough (1971) compared male-sterile and male- 
fertile corn for forage production and feeding value.
They stated that there was no significant difference 
between the silages in individual volatile fatty acid 
production, or digestibility of dry matter, crude protein,
15
cellulose, ether extracts and nitrogen free extracts.
The authors also reported that in practice, the two sil­
ages would have been expected to provide good basic diets 
for either beef or dairy cattle. Overall, the two silages 
were similar in forage yield, intake, rumen fermentation 
and dry matter digestibility. Smith (1962) reported that 
the male-sterile plants contained a greater concentration 
of sugar than the male-fertile corn. Thomas ejt al. (1964) 
found little difference in digestible energy between high 
stalk-sugar hybrids and regular corn. Perry and Caldwell 
(1969) concluded that the digestibility of crude protein 
and crude fiber fractions of silage made from male-sterile 
corn was greater than that of silage made from the male- 
fertile corn. However, silage yield of male-fertile corn 
was higher than that of male-sterile corn by 28 percent.
SORGHUM SILAGE
Sorghum has been grown as a silage crop for many 
years. In general, under conditions of high temperatures 
and moisture stress, the forage sorghums have given higher 
yields than corn.
According to Kiesselbach et al. (1935), the drought 
tolerance of sorghum was due to its fibrous root system 
and its ability to enter into a condition of dormancy 
during severe drought. Zook (1936), comparing total 
yield of corn and sorghum, found that in one year forage
16
yields of corn were reduced by 35 percent due to a long, 
hot, dry period during the growing season. Other studies 
conducted by Lyness and Kiesselbach (1935) resulted in 
similar findings.
Effect of high plant densities on the forage yield 
of sorghum has been studied by several researchers. 
(McClelland, 1929, Thurman et al., 1960 and Thurman and 
York, 1961). Getty (1934), using 40-inch rows and hill 
spacings of 2, 4, 6, 8 and 12 inches, reported that 
sorghum yields increased regularly with the thickness of 
the stand. Thurman and Staten (1955), with populations 
which ranged from 28,000 to 45,000 plants per acre, found 
that forage sorghum yield increased as the population was 
increased. The authors recommended the planting of three 
to four seeds per hill 14 to 16 inches within the row as 
the optimum population for high green yields of forage 
sorghum. Olson (1971) reported that yields were higher 
from forage sorghum grown at a population of 350,000 
plants per hectare in rows 51 cm. apart (140,000 plants 
per acre, 20-inch rows) than with 175,000 plants per 
hectare in 102 cm. rows (70,000 plants per acre, 40-inch 
rows).
The use of different row spacings has been demon­
strated to influence forage production of sorghum. Eilrich 
et al. (1964), using 20- and 40-inch row spacings, stated 
that the highest yields of Atlas sorghum were obtained
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with a high stand density and narrow rows. Hart and Burton
(1965), in Georgia, compared forage yields of two sorghum 
cultivars in row spacings of 7, 24 and 36 inches. They 
concluded that, under normal climatic conditions and over 
a period of years, forage yield of sorghum planted in 
wide rows was higher than the yield from the narrow rows. 
Sumner (1965), using row spacings ranging from 12 to 36 
inches, concluded that production of dry matter from 
sudangrass pastures was increased by more than 20 percent 
when row widths were changed from 12 to 18 inches. Row 
widths greater than 18 inches resulted in lowered yields 
of forage. Roller and Scholl (1968), in a field study 
with two sorghum species, reported that forage yields 
from 17.8 cm. and 35.6 cm. rows (7 and 14-inch) were 
similar but exceeded that of 71.2 cm. rows (28 inches). 
Forage production increased as seeding rate increased, 
particularly in narrow rows. In contrast, Burger and 
Campbell (1961), using similar row spacings and seeding 
rates, reported no differences in the forage yield of 
sudangrass due to row spacings or seeding rates when the 
forage was harvested at early bloom. In Kansas, Stickler 
and Laude (1960) reported nonsignificant differences in 
the silage yield of Atlas sorghum planted at populations 
of 25,000 and 50,000 plants per acre in rows 20- and 40- 
inches apart.
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Several researchers have evaluated the influence of 
plant population and row spacing on the plant-parts of 
sorghum. (Johnson and Harris, 1966, Sullivan, 1961 and 
Thurman et al., 1960). Sullivan (1961) found that forage 
sorghum grown in narrow rows produced higher yields of 
dry matter than sorghum grown in 40-inch rows. However, 
the sorghum planted in narrow rows was shorter, lodged 
more and produced less seed. Johnson and Harris (1967) 
reported that the percentages of leaves, stems and heads 
of the sorghum plant were not affected by using seeding 
rates from 2 to 16 pounds per acre. Eilrich e^t al.. (1964) 
stated that at plant maturity about 50 percent of the 
total dry matter of Atlas sorghum forage was contributed 
by the stalks, 20 to 25 percent by the leaves, and 25 to 
30 percent by the sorghum plant heads when planted at a 
population of 13,000 plants per acre.
Influence of maturity at harvest on forage yield 
and nutritive value of sorghum for silage has been studied 
by several researchers. (Webster and Davies, 1956, 
Marshall et al., 1966, Browning and Lusk, 1967, Owen and 
Kuhlman, 1967 and Helm and Leighton, 1960). Munoz (1960), 
comparing six different forage sorghums for ensiling pur­
poses , found that the highest yields of green forage and 
dry matter were obtained by harvesting the sorghum when 
the seed had reached the dough stage. Webster (1963) 
concluded that in a season when the environmental con­
ditions were favorable for plant growth, the value of
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sorghum forage was greatest when harvested at full 
maturity. Owen (1962) found that the daily performance 
of lactating cows was not influenced by the stage of 
maturity at which Atlas sorghum was harvested. There­
fore, the author suggested that Atlas sorghum should be 
harvested when yield is near maximum, usually at the hard 
dough stage of maturity. Leighton and Rupel (1959) stated 
that more milk was produced by lactating cows fed Tracy 
sorghum silage harvested when the seed was in the soft 
dough stage, as compared with silage harvested when the 
seed was at the hard dough stage. Marshall et al. (1966) 
reported that by delaying the harvest of sorghum silage 
from early (grain at the milk stage) to late (grain at 
the hard dough stage), the dry matter production was in­
creased by 30 percent. Ramsey «+t al. (1961) reported no 
significant differences in dry matter or energy digest­
ibility for Tracy forage sorghum harvested at stages 
from late flowering to the matured-seed stage.
The relation of grain content of sorghum to nutri­
tive value has received considerable study. Ward et al.
(1966) found that correlation coefficients for the rela­
tionship between average silage dry matter intake, ad­
justed for concentrate consumption, and percentages of 
silage dry matter were +0.95 and +0.93 respectively, for 
lactating cows and beef heifers. Ward and Smith (1968) 
evaluated the silage from sterile sorghum, with and with­
out added sorghum grain, in digestibility trials. The
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authors stated that the poor animal performance with the 
grainless silage was associated with poor intake. The 
intake was related to low dry matter content rather than 
low digestible energy. Owen et al. (1962) stated that 
silage made from sterile hybrids was approximate1y equal 
in nutritional value to silage made from male-fertile hy­
brids . They stated that male-sterile sorghum silage was 
not inferior to the normal sorghum silage, and concluded 
that the seed content of male-sterile sorghum silage should 
not be used as a criterion for judging the quality of sorghum 
silage. It was reported that the use of male-sterile forms 
of sorghum for silage was dependent on acreage yields and 
other agronomic characteristics.
MIXTURES OF CORN WITH OTHER FORAGE CROPS
Interplanting of corn with other crops has been con­
sidered by several researchers as a feasible means to 
increase forage production as well as quality of the for­
age. (Ellington, 1957, Nevens and Kendall, 1954 and 
Bartle and Voelker, 1968). Brooks and Beaty (1967), re­
ported that the total forage yields from combinations of 
corn and sorghum or corn and soybeans were lower than the 
yield of corn planted alone. Genter (1960) found that 
corn-sorghum mixtures produced a 10 percent increase in 
dry forage as compared with corn in pure stand and a 9 
percent increase over the yield of sorghum alone. But 
in another year, the forage yield of the mixture was 
less than the yield of either corn or sorghum planted
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alone. Ellington (1957) reported that silage made from 
a mixture of sorghum and soybeans showed a 30 percent 
increase in crude protein over the silage made from corn 
alone. In South Dakota, Bartle and Voelker (1968) re­
ported similar forage yields for corn-soybean combinations 
and corn grown alone. However, the crude protein content 
of a corn-soybean combination, containing 17 to 21 per­
cent soybeans, was increased by 17 percent over that of 
corn planted alone. The authors concluded that the use 
of a corn-soybean combination, as compared with corn 
alone, was helpful in reducing the need for protein sup­
plement from other sources and in reducing the cost of 
milk production. Cummins (1973) stated that interplant­
ing soybeans in either corn or sorghum did not affect 
silage yields when compared with corn or sorghum planted 
alone. According to the author, low plant populations 
of sorghum (3 pounds of seed per acre) planted in the 
same row with corn increased yields under conditions of 
low moisture, or poor stands of corn.
MATERIALS AND METHODS
A two-year study to determine the effect of row 
spacings and mixtures of corn and sorghum on forage pro­
duction and plant components was conducted at the Idlewild 
Agricultural Experiment Station, Clinton, Louisiana in 
1973 and 1974.
A randomized complete block design with a split-plot 
arrangement of treatments was used in both years of the 
study. The main-plot factor was row spacing. Row spac­
ings were 20, 30, and 40 inches. The sub-plot factor was 
the combination of corn and sorghum including both species 
in pure stand. The sub-plots were 25 feet in length and 
consisted of three-row plots at the 40-inch row spacing 
and four-row plots at the 20- and 30-inch row spacings. 
Treatments were replicated four times. Each replication 
was separated by an alley 20 feet wide.
This study was conducted on a Freeland-Olivier very 
fine sandy loam soil. Each year, based on the results 
of soil analyses, 500 pounds per acre of 0-20-20 
(N-P2O5-K2O) and 225 pounds per acre of nitrogen in the 
form of ammonium nitrate were disked into the soil prior 
to planting. In addition, two tons of dolomitic lime­
stone per acre were applied to the soil in 1973 to adjust 
the pH to about 6.3.
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The corn alone was planted at a rate to obtain a 
population of 25,000 plants per acre. The sorghum planted 
alone was seeded at the rate of 10 pounds of seed per acre 
Mixtures of corn and sorghum were planted using planting 
rates for the corn to provide populations of 6,250, 12,500 
and 18,700 plants per acre. These planting rates were 
adopted to provide stands of corn equal to 1/4, 1/2 , and 
3/4, respectively, of the population of corn planted alone 
Each corn population was interplanted in the same row 
with 3.0, 5.0, and 7.5 pounds of sorghum seed per acre.
All possible combinations of the 1/4, 1/2, and 3/4 pro­
portions between corn and sorghum were used in the ex­
periment . Two seeds of corn were planted per hill. When 
the plants were about 15 inches high, each row was thin­
ned to the desired stand. No thinning was done to the 
sorghum population. In 1973, the hybrids were planted 
on April 24; in 1974 they were planted on May 2. After 
planting, the area was cultipacked to obtain a firm 
seedbed. In order to control weeds, Atrazine was applied 
each year at the rate of two pounds per acre. Also,
Lorox was used in both years for weed control at the 
rate of four pounds per acre. During 1974, in addition 
to the herbicides, the plots were hoed to keep them 
free of weeds.
The sorghum hybrids included in this study were: 
Pioneer 931 (tall forage sorghum), NK 300 (medium height
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forage sorghum) and NK Savanna (grain sorghum). During 
the second year of the study, NK Savanna was replaced 
by Funk's BR G516 (grain sorghum). The change was made 
because of the differences in maturity between the two 
sorghum hybrids. The corn used in this experiment was 
a full season hybrid, Funk's G-4949. This hybrid was 
chosen because it is recommended for grain production 
and its maturity was similar to the maturity of the 
sorghum selected for this study.
Each year, plant and ear heights were recorded for 
corn when about half of the plants were shedding pollen. 
Plant height was recorded for sorghum when 50 percent 
of the plants were shedding pollen. All plots were 
harvested when the grain of corn and sorghum were in the 
dent or hard dough stage of maturity. A portion (0.019 
acre) was harvested from each plot, and the total green 
forage weight was obtained. In 1973, the forage crop 
was harvested on August 9 and 10. In 1974, the forage crop 
was harvested on August 12, 13 and 14. Each year all treat­
ments were cut at a height of 4 to 6 inches above the ground.
At harvest, plant samples were collected from each 
of the plots. The samples were dried in a forage dryer 
at approximately 150 F until the weights were constant.
Each corn sample was separated into five plant components: 
leaves, stems, husks, cobs, and grain. Each sorghum 
sample was separated into three plant components: leaves,
stems, and heads. A separate plant sample was taken
from each plot and used to determine the dry matter 
percentage in the forage. The percentage of plant 
components was calculated on a dry weight basis.
All possible correlation coefficients among the 
variables were obtained, while the effect of the treat­
ments were evaluated using the analysis of variance. 
Tukey’s w-procedure, honestly significant difference 
(hsd) was used to evaluate the differences among the 
treatment and interaction means.
RESULTS AND DISCUSSION
The effect of three row spacings and 13 corn-sorghum 
combinations on forage production and on plant components 
was determined in 1973 and 1974. All data are presented 
and discussed in terms of two-year averages. The sorghum 
species interplanted with corn included grain sorghum, 
medium height forage sorghum and tall forage sorghum. 
These morphologically different types of sorghum had an 
average plant height of 40, 66 and 142 inches, respect­
ively .
Each year a portion (0.019 acre) of each plot was 
harvested when the grain of the corn and the sorghum was 
in the dent or hard dough stage. Representative samples 
were taken from each plot in order to determirfe the dry 
matter content and plant components of the forage.
Analyses of variance for the dry forage yield and 
percentages of dry matter, leaves, stems, and grain are 
presented in Table 1. Simple interaction effects and 
treatment effects shown in the analyses of variance are 
presented in tabular form and discussed. The effect of 
corn-sorghum mixtures on the mean dry forage yield and 
percentages of dry matter, leaves, stems, and grain is 
shown in Table 2.
Forage yield of corn grown alone was not signifi­
cantly different from the yield of grain sorghum or 
medium forage sorghum grown alone. However, the yield
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Table 1. Analyses of variance for yield and percentages of dry matter, leaves, stems 
and grain of corn-sorghum mixtures, 2-year average.
Source Degrees
of of Percent Percent Percent Percent
variation freedom Yield dry matter leaves stems grain
Year 1 346.90 21585.64 207.13 9.14 27.59
Error (a) 6 10.98 126.45 40.81 3.81 66.87
Row spacing 2 24.82+ 7.29 17.87 71.08+ 93.26
Year x Row 2 2.66 29.22 35.57 0.97 37.50
Error (b) 12 6.34 51.61 57.82 15.33 53.80
Mixtures (M) 12 49.38++ 77.10++ 350.49++ 2387.23++ 2569.41++
Row x M 24 2.53+ 33.31 20.76 32.91++ 42.84
Year x M 12 3.21+ 89.12++ 112.10++ 196.44++ 282.15++
Year x Row x M 24 1.19 27.60 14.96 14.38 33.36
Error (c) 212 1.67 33.41 25.00 17.82 51.01
Total 307
C. V. for main plots 
C. V. for subplots 
♦Significant at the 0.05 
♦♦Significant at the 0.01
42.21% 25.42% 
16.46% 13.07% 
level of probability 
level of probability
20.38%
15.95%
7.21%
15.59%
24.65%
21.53%
M
-a
Table 2. The effect of corn-sorghum mixtures on the 2-year mean dry forage yields 
and percentages of dry matter, leaves, stems, and grain in the forage.
Mixture Yield of 
dry matter
Dry matter Leaves Stems Grain
Tons per acre -Percent-
Pure stand corn 6.74 cde 44.66 ab 26.48 e 23.42 cd 33.45 a
Pure stand G. s . V 5.53 e 43.91 ab 38.43 a 20.48 cde 32.87 a
1/4 Corn 3/4 G. s. 6.62 de 44.39 ab 28.20 de 18.25 e 36.21 a
1/2 Corn 1/2 G. s. 6.91 cd 43.42 ab 29.34 cde 19.41 de 34.42 a
3/4 Corn 1/4 G. s. 7.00 cd 42.29 ab 31.41 bed 18.50 e 35.05 a
Pure stand M. s. y 7.64 bed 45.78 ab 29.66 bede 23.79 c 37.24 a
1/4 Corn 3/4 M. s. 7.88 be 47.00 a 27.55 de 22.06 cde 35.49 a
1/2 Corn 1/2 M. s. 7.57 bed 46.47 a 29.40 bede 21.61 cde 34.34 a
3/4 Corn 1/4 M. s. 7.61 bed 44.87 ab 29.28 cde 21.92 cde 34.49 a
Pure stand T. S. 3/ 10.40 a 40.55 b 38.47 a 49.27 a 9.81 c
1/4 Corn 3/4 T. S. 9.97 a 42.27 ab 32.98 be 37.41 b 21.00 b
1/2 Corn 1/2 T. S. 9.70 a 45.20 ab 34.16 ab 37.85 b 19.96 b
3/4 Corn 1/4 T. s. 8.42 b 44.28 ab 32.24 bed 37.97 b 20.93 b
Means not followed by the same letter within a column are significantly different at 
the 0.05 level of probability (Tukey’s test)
1/ G. S. = Grain sorghum
"2/ M. S. = Medium height forage sorghum
37 T. S. = Tall forage sorghum
of tall forage sorghum was significantly greater than 
that of medium forage sorghum, grain sorghum and corn 
when grown alone. Tall forage sorghum produced 54 per­
cent more forage than corn grown alone. These results 
are in close agreement with those reported by Lyness 
and Kiesselbach (1935) and Genter (1960).
Significantly higher yields were obtained in the 
corn-grain sorghum mixtures when the mixture contained 
1/2 or 3/4 corn than with grain sorghum in pure stand.
No significant difference in forage yield was observed 
between grain sorghum planted alone and the 1/4 corn - 
3/4 grain sorghum mixture. Forage yields produced by 
the corn-grain sorghum mixtures were not significantly 
different from those of corn grown in pure stand. No 
significant differences in forage yield were found among 
the corn-grain sorghum mixtures.
Mixtures of corn and medium height forage sorghum 
did not increase forage yield significantly over the 
yield of corn or medium forage sorghum planted alone. 
Differences in forage yield found among the corn-medium 
forage sorghum mixtures were not significant. Inter­
planting corn with tall forage sorghum at the proportion 
of 3/4 corn - 1/4 tall forage sorghum resulted in a 
significant reduction in forage yield as compared with 
the forage yield of tall forage sorghum grown alone. No 
difference in forage yield was found between tall forage
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sorghum planted alone and the corn-tall forage sorghum 
mixtures containing 1/4 or 1/2 corn. Each increased 
increment of corn planted in mixture with tall forage 
sorghum tended to reduce forage yield. All of the corn- 
tall forage sorghum mixtures produced significantly higher 
forage yields than the yield of corn grown alone. Forage 
yields among all the treatments ranged from 5.53 tons 
per acre for the grain sorghum to 10.40 tons per acre 
for the tall forage sorghum grown in pure stand. The 
higher forage yields produced by the tall forage sorghum, 
as compared with the yield of the grain sorghum and 
medium forage sorghum planted alone, is in agreement with 
similar studies by Johnson and Harris (1967).
The mean dry matter yields of forage in tons per 
acre as influenced by row widths are presented in Table 
3. The maximum forage yield of 8.38 tons per acre was 
obtained from the 20-inch rows. A forage yield of 7.42 
tons per acre was obtained from the 40-inch rows. Thus, 
the yield from the 20-inch rows was 12 percent higher, 
a significant increase over the yield of the 40-inch 
rows. There was an eight percent increase in forage 
yield when the row width was changed from 30 to 20 
inches. This increase in yield was statistically signi­
ficant, but no significant difference was found in for­
age yield between the 40- and 30-inch rows. The in­
creased forage yield from reducing the distance between
Table 3. The effect of row widths on the 2-year mean dry forage yields and 
percentages of dry matter, leaves, stems, and grain in the forage 
of the corn-sorghum mixtures.
Row
width
Yield of 
dry matter Dry matter Leaves . Stems Grain
Tons per acre -------— — ------.-------------
40-inch 7.42 b 44.54 a 31.16 a 26.32 b 33.90 a
30-inch 7.74 b 44.04 a 31.08 a 26.93 ab 33.51 a
20-inch 8.38 a 44.13 a 31.83 a 27.96 a 32.10 a
Means not followed by the same letter within a column are significantly different 
at the 0.05 level of probability (Tukey’s test)
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the rows to less than 30 inches is in agreement with the 
results from other studies by Lutz and Jones (1969),
Bryant and Blaser (1968), Roller and Scholl (1968),
Sumner (1965) and Jones and Meredith (1964). Stickler 
and Laude (1960) found that corn silage yields were re­
duced in narrow rows when weed growth was not controlled. 
In this study, weeds were adequately controlled by chem­
icals . Therefore, weeds did not influence the differences 
in forage yields among the row widths. The increased 
efficiency in the use of soil moisture attributed to 
narrow rows (Yao and Shaw 1964) probably contributed to 
the yield increase from the narrow rows.
Subplot means for the interaction of mixtures x row 
widths on forage yield of corn-sorghum mixtures are pre­
sented in Table 4. The corn grown in pure stand produced 
its highest forage yield when planted in 30-inch rows. 
However, the differences in yield of corn forage were 
not significantly influenced by row widths. Forage 
yields of grain sorghum and medium forage sorghum grown 
alone, or in mixtures with corn, were not significantly 
affected by row widths. Yield from tall forage sorghum 
planted alone in 30-inch rows was not significantly dif­
ferent from the yield of tall forage sorghum planted in 
20- or 40-inch rows. However, tall forage sorghum yielded 
significantly more when planted in the 20-inch rather 
than in the 40-inch rows. The 3/4 corn - 1/4 tall forage
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Table 4. The effect of row width x mixtures on the mean 
dry forage yields of corn-sorghum mixtures, 
2-year average.
Mixture Yield of dry matter , tons per acre
Pure stand corn *A
40”
6.34 cd**
30"
A 6 .94 c A
20"
6.93 cd
Pure stand G . s.l/ A 5.26 d A 5.83 c A 5.50 d
1/4 Corn 3/4 G. S. A 6.90 bed A 6.47 c A 6.49 cd
1/2 Corn 1/2 G. S. A 6,65 cd A 6.74 c A 7.35 cd
3/4 Corn 1/4 G. S. A 6.52 cd A 6.80 c A 7.69 c
Pure stand M. S. 1/ A 7.68 abc A 7.17 c A 8.07 be
1/4 Corn 3/4 M. S. A 7.39 bed A 7.90 be A 8.34 be
1/2 Corn 1/2 M. S. A 7.08 bed A 7.85 be A 7.77 c
3/4 Corn 1/4 M. s. A 7.22 bed A 7.52 c A 8.10 be
Pure stand T. S. 3/ B 8.99 ab AB 10.37 a A 11.84 a
1/4 Corn 3/4 T. S. A 9.53 a A 9.83 ab A 10.84 a
1/2 Corn 1/2 T. s. A 8.91 ab A 10.09 a A 10.10 ab
3/4 Corn 1/4 T. s. B 7.99 abc B 7.09 c A 10.19 ab
* Means not preceded by the same letter within a row are 
significantly different at the 0.05 level of probability 
(Tukey’s test)
** Means not followed by the same letter within a column 
are significantly different at the 0.05 level of proba­
bility (Tukey's test)
1/ G. S. = Grain sorghum
3/ M. S. = Medium height forage sorghum
3/ T. S. = Tall forage sorghum
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sorghum yielded significantly more forage in 20-inch 
rows than in 30- or 40-inch rows. No significant dif­
ference in yield was obtained between the 30- and 40-inch 
rows with the 3/4 corn - 1/4 tall forage sorghum mixture. 
Row widths did not significantly affect the yield of the 
1/4 corn - 3/4 tall forage sorghum and the 1/2 corn - 
1/2 tall forage sorghum mixtures.
In the 40-inch rows, corn produced significantly 
less forage than tall forage sorghum grown alone. However, 
no significant differences in yield were found between 
corn and grain sorghum, or between corn and medium forage 
sorghum planted alone at this row width. The forage 
yield of medium forage sorghum was significantly higher 
than that of grain sorghum planted alone in the 40-inch 
rows. Interplanting corn and grain sorghum did not sign­
ificantly increase the forage yield as compared with grain 
sorghum or corn grown alone in 40-inch rows. No signifi­
cant increase in forage yield was obtained by the use 
of the corn-medium forage sorghum mixtures as compared 
with the yield of corn or medium forage sorghum grown 
alone. Interplanting corn and tall forage sorghum at the 
proportion of 3/4 corn - 1/4 tall forage sorghum did not 
significantly increase the forage yield over corn planted 
alone in 40-inch rows. Forage yields from the 1/4 corn - 
3/4 tall forage sorghum and 1/2 corn - 1/2 tall forage 
sorghum mixtures were significantly higher than the yield
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of corn planted alone. No significant differences in 
forage yields were found among the corn-tall forage 
sorghum mixtures in the 40-inch rows.
Tall forage sorghum produced significantly more 
forage than corn, grain sorghum, and medium forage sorghum 
when grown alone in 30-inch rows. At the 30-inch row 
spacing, forage yields from the corn-grain sorghum ant, 
corn-medium forage sorghum mixtures were significantly 
lower than the yields of tall forage sorghum grown in 
pure stand. Interplanting of corn with grain sorghum or 
with medium forage sorghum did not produce significant 
increases in forage yield as compared with the yield of 
grain sorghum or medium forage sorghum planted alone in 
the 30-lnch rows. Also, the forage yields of mixtures 
between corn and grain sorghum, or between corn and medium 
forage sorghum, were not significantly different from that 
of corn grown alone. Reducing the proportion of tall 
forage sorghum to 1/4 in the mixture with corn resulted 
in a significant decrease in forage yield over that of 
tall forage sorghum grown alone in 30-inch rows. Dif­
ferences in forage yield found in the intermediate row 
width among the tall forage sorghum grown alone and the 
corn-tall forage sorghum mixtures with corn at the pro­
portion of 1/4 or 1/2, were not statistically significant.
Tall forage sorghum produced a significantly higher 
forage yield as compared with corn, grain sorghum, and
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medium forage sorghum grown alone in 20-inch rows. In­
creasing the proportion of corn to 3/4 in the mixture 
with grain sorghum resulted in a significantly higher 
yield than that of grain sorghum planted alone in the 
narrow rows. No significant differences in forage yield 
were obtained among the corn-grain sorghum mixtures in 
the 20-inch rows. Forage yield from the corn-grain 
sorghum mixtures was not significantly different from 
that of corn grown in pure stand.
Interplanting corn with medium forage sorghum did 
not increase forage yield over medium forage sorghum, or 
corn grown alone in the 20-inch rows. Increased increments 
in the proportion of corn in the mixtures with tall forage 
sorghum did not increase the forage yield as compared with 
the yield of tall forage sorghum planted alone in 20-inch 
rows. All of the corn-tall forage sorghum mixtures were 
significantly higher in forage yield than corn grown 
alone in the narrow rows.
Dry forage yield from the corn-sorghum mixtures was 
influenced significantly by the year x mixtures inter­
action, as shown in Table 1. The significant effect of 
the year x mixtures interaction was ejected. It is 
very unlikely that climatological conditions which affect 
the growth of crops would be identical from year to year. 
The interaction indicates that certain corn-sorghum mix­
tures did not respond the same from one year to the next.
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Means for percentage of dry matter in the forage 
from the corn-sorghum mixtures presented in Table 2 re­
veal that no significant differences were found in the 
percentage of dry matter in the forage among corn, grain 
sorghum, medium forage sorghum, and tall forage sorghum 
planted alone. Interplanting corn and grain sorghum did 
not significantly affect dry matter content in the forage 
as compared with corn or grain sorghum grown in pure 
stand. Differences in percentage of dry matter in the 
forage among the corn-grain sorghum mixtures were not 
significant.
Mixtures of corn and medium forage sorghum did not 
significantly affect the percentage of dry matter in the 
forage as compared with corn and medium forage sorghum 
planted alone. No significant differences in dry matter 
content were found among the corn-medium forage sorghum 
mixtures.
Interplanting corn with tall forage sorghum tended 
to increase the percentage of dry matter in the forage; 
however, the increase in dry matter content in the forage 
was not significant when compared with tall forage 
sorghum or corn planted alone. Differences found in 
percentage of dry matter in the forage from the mixtures 
of corn and tall forage sorghum were not significant. 
Maximum percentage of dry matter in the forage from all 
treatments was obtained from the 1/4 corn - 3/4 medium
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forage sorghum mixture, and the lowest dry matter content 
in the forage resulted from the tall forage sorghum grown 
alone. Forage from the 1/4 corn - 3/4 medium forage 
sorghum, and 1/2 corn - 1/2 medium forage sorghum mixtures 
was significantly higher in dry matter than that from 
tall forage sorghum grown in pure stand.
Dry matter content in the forage from the corn- 
sorghum treatments was not significantly influenced by 
row widths, as shown in Table 3.
The percentage of leaves in the forage as influenced 
by the corn-sorghum mixtures presented in Table 2 show 
that corn produced significantly less leaves in forage 
than grain sorghum or tall forage sorghum planted alone. 
However, no significant difference in the leaf content of 
the forage was found between corn and medium forage sorghum 
grown alone. A significantly greater percentage of leaves 
in the forage was produced by grain sorghum over that of 
medium forage sorghum and corn planted alone. Leaf con­
tent in the forage of grain sorghum was not significantly 
different from that of tall forage sorghum planted alone. 
Interplanting of corn with grain sorghum produced a 
significant reduction in the percentage of leaves in the 
forage over grain sorghum grown in pure stand. No signif­
icant difference in leaf content in the forage was obtain­
ed among the corn-grain sorghum mixtures. However, the 
3/4 corn - 1/4 grain sorghum mixture produced forage with
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a significantly higher leaf content than forage from corn 
grown alone. Interplanting corn with medium forage sor­
ghum did not significantly affect the percentage of 
leaves in the forage as compared with forage from each 
species planted alone. Mixtures of corn and tall forage 
sorghum containing corn at the proportions of 1/4 and 3/4 
resulted in a significant reduction in the leaf content 
in forage as compared with tall forage sorghum grown 
alone.
It may be noted in Table 3 that the highest per­
centage of leaves in the forage was obtained in the 20- 
inch rows, but the differences due to row widths were not 
significant. These findings contradict those of Georgeson 
et aJL. (1891) who reported that the highest percentage of 
leaves in corn forage was obtained with wide rows. Re­
sults of this study are in close agreement with results 
from similar studies by Cummins and Dobson (1973).
Data from the present study revealed that leaves of 
tall forage sorghum grown alone contributed 38.47 per­
cent of the forage, stems 49.27 percent and grain 9.81 
percent. These results are in agreement with those 
reported by Watson e£ al. (1970).
The mean percentage of stems in the forage as in­
fluenced by corn-sorghum mixtures presented in Table 2 
show that forage from corn planted alone contained signi­
ficantly less stems than forage from tall forage sorghum 
grown in pure stand. No significant differences in the
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percentage of steins in the forage were found among corn, 
grain sorghum, and medium forage sorghum planted alone.
The significantly higher stem content produced by the tall 
forage sorghum as compared with corn is in agreement with 
the results of similar studies by Brook and Beaty (1967) 
and Genter (1960). No significant difference in the per­
centage of stems in the forage was obtained by interplant­
ing corn with grain sorghum as compared with grain sorghum 
grown in pure stand. There were no significant differ­
ences in the percentage of stems in the forage among the 
corn-grain sorghum mixtures. Corn grown in pure stand 
was significantly higher in stem content than the 1/4 
corn - 3/4 grain sorghum, and 3/4 corn - 1/4 grain sorghum 
mixtures. Interplanting of corn with medium forage sorghum 
resulted in a reduction in the percentage of stems in 
the forage as compared with medium forage sorghum grown 
alone, however, the reduction was not significant. Dif­
ferences in mean percentage of stems in the forage of 
corn-medium forage sorghum mixtures were not significant. 
Forage from the corn-medium forage sorghum mixtures was 
not significantly different in stem content from corn 
grown in pure stand. As the proportion of corn in the 
mixtures with tall forage sorghum was increased, the per­
centage of stems in the forage increased with each increment 
of corn. Interplanting of corn with tall forage sorghum
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produced forage significantly lower in stem content than 
that of tall forage sorghum grown alone. Although there 
were no significant differences in percentage of stems 
in the forage among the corn-tall forage sorghum mixtures, 
all of the mixtures produced forage significantly higher 
in stem content than corn planted alone.
Subplot means for the interaction of row widths x 
mixtures on the percentage of stems in the forage are 
presented in Table 5. Corn planted alone showed no signi­
ficant differences in the stem content as a result of 
row widths. No significant changes in percentage of 
stems in the forage due to row widths was observed with 
grain sorghum or medium forage sorghum grown alone or in 
the mixture with corn, Stem content in the forage from 
tall forage sorghum grown alone, and from the mixture 1/2 
corn - 1/2 tall forage sorghum was not significantly in­
fluenced by row widths. The mixture of 1/4 corn - 3/4 
tall forage sorghum planted in 30-inch rows produced 
forage with a significantly higher stem content than 
forage from the 40- and 20-inch rows. No significant 
difference in percentage of stems in the forage was obtain 
ed from the 1/4 corn - 3/4 forage sorghum mixture between 
the 40- or 20-inch rows. Forage from the 3/4 corn - 1/4 
tall forage sorghum mixture planted in 40- and 30-inch 
rows was significantly lower in stem content than that 
in 20-inch rows. However, there was no significant dif­
ference in percentage of stems in the forage from the
Table 5. The effect of row width x mixtures on the mean percentage of stems 
in corn-sorghum mixtures, 2-year average.
Mixture Percent stems in forage
Row width
Pure stand corn *A
40"
22.26 c** A
30"
24.06 c A
20"
23.94 c
Pure stand G. S. A 21.49 c A 19.77 cd A 20.18 c
1/4 Corn 3/4 G. S. A 18.24 c A 16.61 d A 19.89 c
1/2 Corn 1/2 G. S. A 20.08 c A 18.04 cd A 20.12 c
3/4 Corn 1/4 G. S. A 18.08 c A 18.51 cd A 18.90 c
Pure stand M. s. A 23.01 c A 22.91 cd A 25.45 c
1/4 Corn 3/4 M. s. A 20.38 c A 22.73 cd A 23.00 c
1/2 Corn 1/2 M. s. A 22.08 c A 20.15 cd A 22.59 c
3/4 Corn 1/4 M. s. A 21.57 c A 21.90 cd A 22.29 c
Pure stand T. s. A 49.13 a A 50.38 a A 48.29 a
1/4 Corn 3/4 T. s. B 33.23 b A 42.06 b B 36.94 b
1/2 Corn 1/2 T. s. A 38.77 b A 36.33 b A 38.45 b
3/4 Corn 1/4 T. s. B 33.90 b B 36.66 b A 43.35 ab
*Means not preceded by the same letter within a row are significantly differ- 
ent at the 0.05 level of probability (Tukey1s test)
**Means not followed by the same letter within a column are significantly 
different at the 0.05 level of probability (Tukey1s test)
1/ G. S. = Grain sorghum
S’/ M. S. = Medium height forage sorghum
][/ T. S. = Tall forage sorghum
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3/4 corn - 1/4 tall forage sorghum mixture when planted 
in 40- or 30-inch rows.
Corn, grain sorghum, and medium forage sorghum 
planted alone in 40-inch rows produced forage with signi­
ficantly less stem content than forage from the tall 
forage sorghum grown alone in the 40-inch rows. No sig­
nificant differences in percentage of stems in the forage 
were found among corn, grain sorghum, and medium forage 
sorghum planted alone or in mixtures. Interplanting of 
corn with tall forage sorghum resulted in a significant 
reduction in the percentage of stems in the forage as 
compared with tall forage sorghum grown alone. However, 
there were no significant differences in the stem content 
among the corn-tall forage sorghum mixtures in the 40- 
inch rows. But forage from all the corn-tall forage 
sorghum mixtures had a significantly higher stem content 
than corn, grain sorghum, and medium forage sorghum grown 
in pure stand or in mixtures.
When planted alone, tall forage sorghum contained 
a significantly higher percentage of stems in the forage 
than corn, grain sorghum, and medium forage sorghum in 
the 30-inch rows. Furthermore, the stem content in tall 
forage sorghum was significantly higher than the stem 
content in forage from all of the corn - sorghum mixtures. 
Interplanting of corn with grain sorghum or medium for­
age sorghum did not significantly affect the percentage 
of stems in the forage as compared with grain sorghum,
44
or medium forage sorghum planted alone in 30-inch rows. 
However, the 1/4 corn - 3/4 grain sorghum mixture re­
sulted in a significant reduct ion in the stem content in 
the forage as compared with corn grown in pure stand. 
There were no significant differences in the stem con­
tent among the corn and tall forage sorghum mixtures in 
30-inch rows. The planting of corn with the tall 
forage sorghum significantly reduced the stem content of 
the forage as compared with the sorghum grown alone.
Stem content in the forage was not significantly 
different among corn, grain sorghum, and medium forage 
sorghum grown alone or in mixture in the 20-inch rows. 
There was no significant difference in the stem content 
in the forage between the mixture containing 3/4 corn - 
1/4 tall forage sorghum and tall forage sorghum grown 
alone. However, the 1/4 corn - 3/4 tall forage sorghum, 
and 1/2 corn - 1/2 tall forage sorghum mixtures resulted 
in a significant reduction in the stem content in the 
forage as compared with tall forage sorghum planted alone 
in the 20-inch rows. Although the differences in stem 
content among the corn-tall forage sorghum mixtures were 
not significant, the forage from the mixtures was signi­
ficantly higher in stem content than corn grown in pure 
stand in the 20-inch rows.
The mean percentage of stems in the forage from the 
corn-sorghum mixtures as influenced by row widths pre­
sented in Table 3 show that forage from all the corn-
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sorghum mixtures in the 30-inch rows was not significantly 
different in stem content from that obtained in the 40- 
or 20-inch rows. The percentage of stems in the forage 
from the corn-sorghum mixtures planted in 40-inch rows 
was significantly less than that from the 20-inch rows. 
Bryant and Blaser (1968) found that the proportion of 
stem in corn forage was not significantly affected by 
row widths.
The mean percentage of grain in the forage as in­
fluenced by the corn-sorghum mixtures presented in Table 
2 show that the percentage of grain in the forage from 
tall forage sorghum grown alone was significantly less 
than that of corn, grain sorghum, and medium forage 
sorghum planted alone. Grain content in tall forage 
sorghum was significantly less than that of the mixtures 
of corn and grain sorghum and the mixtures of corn and 
medium forage sorghum. Interplanting of corn with grain 
sorghum, or with medium forage sorghum did not signif­
icantly affect the grain content in the forage as com­
pared with grain sorghum, or medium forage sorghum grown 
alone. No significant differences in percentage of grain 
in the forage were found among the corn and grain sorghum 
or corn and medium forage sorghum mixtures as compared 
with each species grown alone. Mixtures of corn and tall 
forage sorghum produced a significantly higher percentage 
of grain in the forage than tall forage sorghum planted
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alone, but significantly less when compared with the 
grain content of corn grown in pure stand. Differences 
in percentage of grain in the forage among the corn and 
tall forage sorghum mixtures were not significant.
The mean percentages of grain in the forage from 
the corn-sorghum mixtures as affected by row widths re­
ported in Table 3 show that although there was no signi­
ficant effect due to row widths, there was a tendency 
for the grain content in the forage from the corn-sorghum 
mixtures to increase as the width of rows was increased.
The nonsignificant effect of row width on grain content 
in the forage is in agreement with results of studies by 
Cummins and Dobson (1973), Bryant and Blaser (1968), 
and Georgeson crt al. (1891).
The analyses of variance for height of corn and 
sorghum is presented in Table 6. The treatment 
and simple interaction effects shown in the analyses of 
variance table are presented in tabular form. The mean 
plant heights of corn in the mixtures are presented in 
Table 7. Interplanting corn with grain sorghum, at the 
proportion of 1/4 corn - 3/4 grain sorghum, resulted in 
a significant reduction in the height of corn as compared
with corn grown alone. The mixture of 3/4 corn - 1/4 grain 
sorghum produced corn with significantly higher stalks 
tnan the 1/4 corn - 3/4 grain sorghum mixture. No 
significant difference in height of corn was obtained
Table 6, Analyses of variance for height of corn and sorghum in corn-sorghum 
mixtures, 2-year average.
Source
of
variation
Degrees
of
freedom
Corn, 
Mean 
square
Degrees
of
freedom
Sorghum
Mean
square
Year 1 6562.60 1 5666.69
Error (a) 6 527.97 6 459.80
Row spacing 2 493.83 2 483.01
Year x Row 2 292.37 2 237.26
Error (b) 12 1743.93 12 1523.65
Mixtures (M) 9 1705.10** 11 284544.99**
Row x M 18 377.34 22 570.13*
Year x M 9 280.72 11 614.65
Year x Row x M 18 228.89 22 234.23
Error (c) 158 309.66 195 347.37
Total 235 284
C. V. for main plots 
C. V. for subplots 
* Significant at the 
** Significant at the
0.05 level 
0.01 level
10.01% 
7.70% 
of probability 
of probability
10.70%
9.30%
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Table 7. The effect of corn-sorghum mixtures on the 
2-year mean height of corn.
Mixture Plant height
inches
Pure stand corn 93.71 abc
1/4 Corn 3/4 G. s . I / 86.25 d
1/2 Corn 1/2 G. S. 92.12 abed
3/4 Corn 1/4 G . S. 93.12 abc
1/4 Corn 3/4 M. s. y 87.79 cd
1/2 Corn 1/2 M. s. 86.21 d
3/4 Corn 1/4 M. s. 88.08 bed
1/4 Corn 3/4 T. s. y 94.29 ab
1/2 Corn 1/2 T. s. 94.42 abed
3/4 Corn 1/4 T. s. 94.50 a
Means not followed by the same letter are signlficantly 
different at the 0.05 level of probability (Tukey’s test) 
1/ G. S. = Grain sorghum
5/ M. S. = Medium height forage sorghum
3/ T. S. = Tall forage sorghum
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between the 1/2 corn - 1/2 grain sorghum and 3/4 corn 
1/4 grain sorghum mixtures, Differences in the height 
of corn grown alone, as compared with the corn-grain 
sorghum mixtures containing 3/4 and 1/2 corn were not 
significant.
Mean plant height of corn grown alone was signi­
ficantly higher than that of the 1/2 corn - 1/2 medium 
forage sorghum mixture. No significant differences in 
plant height of corn were found among the corn grown 
alone and the corn-medium forage sorghum mixtures con­
taining corn at the proportion of 1/4 and 3/4. Differ­
ences in corn height among the mixtures of corn and 
medium forage sorghum were not significant. Interplant­
ing of corn with tall forage sorghum did not significantly 
affect the height of corn as compared with corn grown 
in pure stand. Mean height of corn was not significantly 
different among the corn and tall forage sorghum mixtures.
The height of grain sorghum, medium forage sorghum, 
and tall forage sorghum as influenced by mixtures with 
corn is shown in Table 8. Interplanting corn with grain 
sorghum did not significantly affect the sorghum height 
as compared with grain sorghum planted alone. Plant 
height of grain sorghum was significantly higher in the 
1/4 corn - 3/4 grain sorghum mixture as compared with 
the mixture containing 3/4 corn - 1/4 grain sorghum.
Height of grain sorghum in the 1/2 corn - 1/2 grain
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Table 8 . The effect of corn-sorghum mixtures on the 
2-year mean height of sorghum.
Mixture Plant height
inches
Pure stand G. s.I/ 40.46 ab*
1/4 Corn 3/4 G. S. 43.12 a
1/2 Corn 1/2 G. S. 41.12 ab
3/4 Corn 1/4 G. s. 36.92 b
Pure stand M. S. 2/ 66.38 a**
1/4 Corn 3/4 M. s. 63.96 ab
1/2 Corn 1/2 M. s. 58.79 b
3/4 Corn 1/4 M. s. 59.79 b
Pure stand T. S.3/ 142.42 a***
1/4 Corn 3/4 T. S. 138.08 ab
1/2 Corn 1/2 T. S. 134.08 b
3/4 Corn 1/4 T. S. 135.50 b
* Means within grain sorghum mixtures not followed by
the same letter are significantly different at the 0.05
level of probability (Tukey*s test)
** Means within medium forage sorghum mixtures not
followed by the same letter are significantly different
at the 0.05 level of probability (Turkey's test)
***Means within tall forage sorghum mixtures not follow­
ed by the same letter are significantly different at 
the 0.05 level of probability (Turkey's test)
1/ G. S. = Grain sorghum
5/ M. S. = Medium height forage sorghum
cf/ T. S. = Tall forage sorghum
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sorghum mixture was not signifleantly different from the 
sorghum height in the mixture containing 1/4 and 3/4 
corn. However, height of the sorghum was significantly 
higher in the 1/4 corn - 3/4 grain sorghum than in the 
3/4 corn - 1/4 grain sorghum mixture.
Mean plant height of medium forage sorghum grown 
alone was significantly greater than the height of medium 
forage sorghum in mixture containing 1/2 and 3/4 corn.
No significant difference in the plant height of medium
forage sorghum was obtained between the medium forage 
sorghum grown alone and the 1/4 corn - 3/4 medium forage 
sorghum mixture. Differences in plant height of medium
forage sorghum in the mixtures with corn were not
significant.
Mixtures of corn and tall forage sorghum containing 
1/2 and 3/4 corn resulted in a significant reduction of 
tall forage sorghum height as compared with tall forage 
sorghum grown in pure stand. No significant difference 
in height was found between tall forage sorghum in pure 
stand and the 1/4 corn - 3/4 tall forage sorghum mixture. 
Differences in mean plant height of the tall forage sor­
ghum in the corn and tall forage sorghum mixtures were 
not significant.
Subplot means for the interaction of row width x mix­
tures on the height of the grain sorghum, medium forage 
sorghum and tall forage sorghum are presented in Table 9. 
Heights of grain sorghum and medium forage sorghum grown alone,
Table 9. The effect of row width x mixtures on the mean height of sorghum in 
the corn-sorghum mixtures, 2-year average .
Mixture Plant height, inches
■Row width—
Pure stand G. s .!7 ♦A
40"
40.88 a b ^ A
30"
42.50 a A
20"
38.00 a
1/4 Corn 3/4 G. s. A 48.12 a A 41.50 a A 39.75 a
1/2 Corn 1/2 G. s. A 43.88 ab A 38.75 a A 40.75 a
3/4 Corn 1/4 G. s. A 37.88 b A 35.12 a A 37.75 a
Pure stand M. S. 2/ A 66.88 a A 65.88 a A 66.88 a
1/4 Corn 3/4 M. S. A 64.25 a A 66.38 a A 61.25 a
1/2 Corn 1/2 M. S. A 58.12 a A 58.38 a A 59.88 a
3/4 Corn 1/4 M. s. A 59.75 a A 60.00 a A 59.62 a
Pure stand T. S. 3/ B 138.75 a A 150.25 a B 138.25 a
1/4 Corn 3/4 T. s. A 137.50 a A 137.25 b A 139.50 a
1/2 Corn 1/2 T. s. A 137.25 a AB 136.50 b B 128.50 b
3/4 Corn 1/4 T. s. A 130.12 a A 137.75 b A 138.62 a
♦Means within each mixture in a row not preceded by the same letter are 
significantly different at the 0.05 level of probability (Tukey's test) 
♦♦Means within each mixture in a column not followed by the same letter are 
significantly different at the 0.05 level probability (Tukey's test)
1/ G. S. = Grain sorghum
3?/ M. S. = Medium height forage sorghum
37 T. S. = Tall forage sorghum
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or in combination with corn, were not significantly 
influenced by row widths. Plant height of tall forage 
sorghum planted alone was significantly higher in the 
30-inch rows than in the 40- or 20-inch rows. However, 
no significant difference in plant height was found when 
tall forage sorghum was planted alone in 40- and 20-inch 
rows. Height of tall forage sorghum in the 1/2 corn - 
1/2 tall forage sorghum mixture planted in 20-inch rows 
was significantly lower than the sorghum height in the 
40-inch rows. The height of tall forage sorghum in the 
mixture containing 1/2 corn planted in 30-inch rows was 
not significantly different from the height of sorghum 
in the 20- or 40-inch rows. No significant effect on the 
height of tall forage sorghum was observed in mixtures 
containing 1/4 or 3/4 corn as a result of row widths.
Interplanting corn with grain sorghum in 40-inch 
rows did not significantly influence the height of grain 
sorghum as compared with grain sorghum planted alone. 
Changing the proportion of grain sorghum in the mixture 
from 3/4 to 1/4 resulted in a significant decrease in 
plant height of 10.24 inches. Plant height of medium 
forage sorghum and tall forage sorghum grown alone or 
in combination with corn was not significantly affected 
in the 40-inch rows.
Combining corn with grain sorghum, or medium forage 
sorghum did not significantly influence the height of 
sorghum as compared with the height of sorghum grown alone
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in the 30-inch rows. Corn interplanted with tall forage 
sorghum resulted in a significant decrease in sorghum 
height as compared with the sorghum grown in pure stand.
The differences in height among the corn-tall forage 
sorghum mixtures were not significant in the 30-inch 
rows.
In the 20-inch rows, the differences in height of 
grain sorghum and medium forage sorghum grown alone and 
in mixtures with corn were not significant. No significant 
difference in plant height of tall forage sorghum was 
found between the corn-tall forage sorghum mixtures con­
taining 1/4 and 3/4 tall forage sorghum. Height of tall 
forage sorghum planted alone in 20-inch rows was not signi­
ficantly different from the height of sorghum in mixtures 
that contained 1/4 and 3/4 corn. Interplanting of corn 
and tall forage sorghum at the proportion of 1/2 corn - 
1/2 tall forage sorghum resulted in a significant re­
duction in sorghum height as compared with tall forage 
sorghum grown alone in narrow rows.
Data from this study revealed no significant effect 
on grain sorghum height due to row widths. These find­
ings are not in agreement with the results of Stickler 
and Laude (1960) who stated that plant height of grain 
sorghum was reduced by increasing the distance between 
rows.
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Height of the ear of corn is important to the farmer 
who is interested in high-energy silage rather than high 
tonnage. Quality of the ensilable forage is based on 
the ratio of grain to stem content. When stems are cut 
a few inches below the ear, the proportion of grain in 
the forage is increased, as compared with cutting the 
stalks close to the ground.
The analysis of variance for the height of the ear 
of corn is presented in Table 10. The treatment factors 
shown in the analysis table are presented in tabular 
form. Mean ear heights of corn as affected by the mix­
tures of corn and sorghum are shown in Table 11. Com­
bining corn with grain sorghum at the proportion of 1/4 
corn - 3/4 grain sorghum resulted in a significant re­
duction in the ear height of corn as compared with corn 
grown in pure stand. No significant differences in the 
ear height of corn were found among the 1/2 corn - 1/2 
grain sorghum, 3/4 corn - 1/4 grain sorghum mixtures, 
and the corn planted alone. Differences in ear height 
among the mixtures of corn and grain sorghum were not 
significant.
Interplanting corn with medium forage sorghum at 
the proportion of 1/2 corn - 1/2 medium forage sorghum 
resulted in a significant reduction in the ear height 
of corn as compared with corn planted alone. However, 
ear height of corn in the corn-medium forage sorghum
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Table 10. Analysis of variance for ear height of corn 
in corn-sorghum mixtures, 2-year average .
Source
of
variation
Degrees
of
freedom
Mean
square
Year 1 13537.53
Error (a) 6 389.68
Row spacing 2 355.81
Year x Row 2 602.68
Error (b) 12 1045.67
Mixtures (M) 9 640.94**
Row x M 18 242.90
Year x M 9 333.88*
Year x Row x M 18 120.23
Error (c) 158 167.23
Total 235
C. V. for main plots 17.00%
C. V. for subplots 11.00%
* Significant at the 0.05 level of probability 
** Significant at the 0.01 level of probability
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Table 11„ The effect of corn-sorghum mixtures on the 
2-year mean ear height of corn.
Mixture Ear height
inches
Pure stand corn 49.00 a
1 /4 Corn 3 /4 G. s . v 4 3 .0 8 b
1 / 2 Corn 1 /2 G . 4 6 .0 8 ab
3 / 4 Corn 1 /4 G. s . 4 7 .5 0 ab
1 /4 Corn 3 / 4 M. s .  2/ 4 4 .9 6 ab
1 / 2 Corn 1 / 2 M. s . 4 3 .0 0 b
3 / 4 Corn 1 /4 M. s . 4 5 .5 4 ab
1 / 4 Corn 3 / 4 T . S. 3 / 4 8 .0 0 a
1 /2 Corn 1 / 2 T . S. 4 6 .4 2 ab
3 / 4 Corn 1 / 4 T . S. 4 8 .1 2 a
Means not followed by the same letter are significantly
different at the 0.05 level of probability (Tukey's test)
1/ G. S. = Grain sorghum~2/ M. S. = Medium height forage sorghum
3/ T. S. = Tall forage sorghum
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mixtures that contained 1/4 and 3/4 corn was not signif­
icantly different as compared with corn grown in pure 
stand. Differences in ear height of corn among the 
mixtures of corn and medium forage sorghum were not 
significant.
No significant differences in the ear height of 
corn were found among the corn-tall forage sorghum mix­
tures .
The correlation coefficients among the variables, 
dry forage yield, plant height, ear height and percentages 
of dry matter, leaves, stems, and grain of corn-sorghum 
mixtures are presented in Table 12. Dry forage yield 
was positively correlated at the 0.01 level of proba­
bility with percentage of dry matter, percentage of 
stems, and plant height of corn and sorghum. A highly 
significant negative correlation occurred between the dry 
forage yield and percentage of grain in the forage. A 
negative correlation was found between the dry forage 
yield and percentage of leaves, but the correlation was 
not significant.
Percentage of dry matter in the forage from the 
corn-sorghum mixtures was negatively associated at the 
0.01 level of probability with percentage of leaves, 
ear height, and plant height of corn. A small, positive 
association was found between percentage of dry matter 
and percentage of grain in the forage.
Table 12. Correlation coefficients among the variables, dry forage yield, plant 
height, ear height and percentages of dry matter, leaves, stems and 
grain of corn-sorghum mixtures, 2-year average.
Variable
Dry matter
%
Leaves
%
Stems
%
Grain
%
Corn
height
Sorghum
height
Ear
height
Dry forage yield 0.54** -0.07 0.51** -0.37** 0.21** 0.55** 0.01
Dry matter % -0.19** -0.08 0.09 -0.18** -0.09 -0,37**
Leaves % 0.40** -0.63** -0.03 0.22** 0.03
Stems % -0.88** 0.27** 0.84** 0.18**
Grain % -0.16** -0.71** -0.11
Corn height 0.32** 0.78**
Sorghum height 0.24**
** Significant at the 0.01 level of probability
U1
ts
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The proportion of leaves in the forage showed a 
significant positive correlation with percentage of stems 
and plant height of sorghum. The percentage of leaves 
in the forage was negatively correlated at the 0.01 level 
of probability with percentage of grain. The negative 
correlation found between percentage of leaves in the 
forage and plant height of corn was nonsignificant. A 
significant negative association was found between per­
centage of stems and percentage of grain in the forage 
from the corn-sorghum mixtures. This indicated that 
quality of the ensilable forage could be improved by 
reducing the percentage of stems. Grain has been found 
to be the most digestible and stems the least digestible 
fractions in corn and sorghum forages, Cummins and Dobson 
(1973), and Cummins (1971 b.). The percentage of stems 
was positively correlated at the 0.01 level of probability 
with ear height of corn, plant height of corn, and height 
of sorghum.
The percentage of grain in the forage from the corn- 
sorghum mixtures showed a significant negative associa­
tion with plant height of corn and sorghum. A nonsigni­
ficant negative correlation was obtained between per­
centage of grain and ear height of corn. A significant 
positive correlation was found between ear height of 
corn and plant height of corn and sorghum.
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SUMMARY AND CONCLUSIONS
The effect of row spacings and mixtures of corn and 
sorghum on the production of forage and on plant com­
ponents was studied in 1973 and 1974.
A randomized complete block design with a split- 
plot arrangement of treatments was used during both 
years of the study. Row spacings comprised the main 
plot and the combinations of corn and sorghum, including 
both species in pure stand, was the sub-plot factor.
The corn was planted alone at a population of 25,000 
plants per acre. The sorghum planted alone was seeded at 
the rate of 10 pounds per acre. Mixtures of corn and 
sorghum were planted using planting rates of corn to pro­
vide populations of 6,250, 12,500, and 18,700 plants 
per acre. These planting rates were adopted to provide 
stands of corn equal to 1/4, 1/2, and 3/4, respectively, 
of the population of corn planted alone. Each corn 
population was interplanted in the same row with 3 .0 ,
5.0 and 7.5 pounds of sorghum seed per acre. All pos­
sible combinations of the 1/4, 1/2, and 3/4 proportions 
were used in the experiment.
The sorghum hybrids included in the experiment were 
Pioneer 931 (tall forage sorghum), NK 300 (medium height 
forage sorghum), and NK Savanna (grain sorghum). NK 
Savanna was replaced by Funk’s BR G516 (grain sorghum)
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in the second year. The change was made because of the 
differences in maturity between the two sorghum hybrids.
The corn used in this experiment was Funk’s G-4949, a 
full season hybrid.
When the grain of the corn and the sorghum were in 
the dent or hard dough stage, a portion (0.019 acre) 
was harvested from each plot for forage yield. At harvest, 
plant samples were collected from each of the plots.
These samples were dried in a forage dryer at approximately 
150 F. until the weights were constant. Each corn sample 
was separated into five components: leaves, stems, husks,
cobs, and grain. Each sorghum sample was separated into 
three components: leaves, stems, and heads. The per­
centage of components was determined on a dry weight 
basis.
Highest yield of forage resulted from tall forage 
sorghum planted alone, whereas grain sorghum in pure 
stand produced the lowest forage yield. The mixture of 
corn and grain sorghum did not yield significantly higher 
than the corn grown alone. When the proportion of corn 
in the mixture with grain sorghum was increased to 1/2 
or 3/4, a significant increase in forage yield was 
obtained over the grain sorghum in pure stand. No 
significant increase in forage yield was observed by 
interplanting corn with medium forage sorghum as compared 
with each species planted alone. Tall forage sorghum in
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combination with corn produced higher forage yields than 
the mixtures of corn and grain sorghum. Each increased 
increment of corn in the mixture with tall forage sorghum 
tended to reduced forage yield over tall forage sorghum 
planted alone. All the corn-tall forage sorghum mixtures 
produced higher yields as compared with corn planted 
alone. Maximum forage yield was obtained from the corn- 
sorghum mixtures planted in 20-inch rows.
Tall forage sorghum in pure stand produced forage with 
significantly less dry matter than the mixtures of medium 
height forage sorghum containing \ and \ corn. No signifi­
cant differences in the dry matter content of the forage 
were obtained among the remaining treatments. The lowest 
dry matter content in the forage was produced by tall 
forage sorghum planted alone. Dry matter content in the 1/4 
corn - 3/4 medium forage sorghum mixture was 6.5 percent 
greater than that from the tall forage sorghum in pure 
stand. Average percentage of dry matter in the forage from 
all corn-sorghum mixtures was not significantly affected by 
row widths. There was a significant negative correlation 
between dry matter and percentage of leaves, height of corn, 
and ear height of corn. A nonsignificant positive associa­
tion was found between percent of grain and percentage of 
dry matter in the forage from all the corn-sorghum mixtures.
Grain sorghum grown in mixture with corn resulted in 
a significant reduction in leaf percentage of the 
forage as compared with grain sorghum grown in pure
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stand. However, forage from the 3/4 corn - 1/4 grain 
sorghum mixture contained a significantly higher per­
centage of leaves than forage from corn planted alone. 
Mixtures of corn and medium forage sorghum did not signi­
ficantly affect the percentage of leaves in forage when 
compared with the forage from each component grown in pure 
stand. Forage from all the mixtures of corn and tall 
forage sorghum was significantly higher in percentage of 
leaves than corn grown alone, but not higher than tall 
forage sorghum planted alone. Grain sorghum and tall forage 
sorghum planted alone produced forage with significantly 
higher percentage of leaves than corn or medium forage 
sorghum grown alone. Changing the distance between the rows 
did not significantly influence the percentage of leaves in 
the forage from the corn-sorghum mixtures. The proport ion 
of leaves in forage from the corn-sorghum mixtures showed 
a significant positive correlation with stem content in 
forage, but a significant negative association with per­
centage of grain.
Highest percentage of stems in the forage was 
obtained from tall forage sorghum planted alone. No 
significant differences in stem content in the forage 
were found among corn, grain sorghum, and medium forage 
sorghum grown alone. The corn-tall forage sorghum 
mixtures resulted in forage significantly higher in 
stem content than forage from the mixtures of corn and 
grain sorghum and the mixtures of corn and medium forage
sorghum. As the distance between rows was reduced from 
40 to 20 inches, the average percentage of stems in the 
forage from all the corn-sorghum mixtures was increased 
by 1.6 percent. A significant negative association was 
found between percentage of stems and percentage of grain 
in the forage, but plant height and ear height of corn 
were positively correlated with percentage of stems at 
the 0.01 level of probability.
Grain content in the forage from tall forage sorghum 
grown alone was the lowest of all the treatments. Inter­
planting corn with grain sorghum or medium forage sorg­
hum did not significantly affect the percentage of grain 
in the forage when compared with each species grown alone. 
Mixtures of corn and tall forage sorghum significantly 
increased the grain content in the forage over tall 
forage sorghum planted alone. Although there was no 
significant effect on grain content due to row widths, 
the average percentage of grain in the forage from all 
corn-sorghum mixtures tended to increase as the width 
between rows was increased. Percentage of grain in the 
forage was negatively correlated at the 0.01 level of 
probability with forage yield, plant height of corn 
and height of sorghum. Ear height and plant height of 
corn and sorghum were influenced very little by the 
corn-sorghum mixtures in this study.
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APPENDIX
Table 1. The analysis of variance for the dry matter 
yield of the corn-sorghum mixtures - 1973.
Source
of
Variation
Degrees
of
freedom
Mean
square
Replications 3 21.6363
Row spacings 2 10.3791
Error (a) 6 10.3891
Mixtures 12 35.6279**
Row x Mixtures 24 2.2594
Error (b) 108 1.7933
Total 155
C„ V. for main plots 36.22%
C. V. for subplots 15.05%
** Significant at the 0.01 level of probability
Table 2. The analysis of variance for the mean 
percentage of dry matter in the forage 
1973.
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 2.4771
Row spacings 2 0.2859
Error (a) 6 0.7090
Mixtures 12 1.0260**
Row x Mixtures 24 0.2705
Error (b) 108 0.3689
Total 155
C. V. for main plots 16.00%
C. V. for subplots 11.60%
** Significant at the 0.01 level of probability
Table 3. The analysis of variance for the mean
percentage of leaves in the forage - 1973
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 20.7791
Row spacing 2 42.3427
Error (a) 6 46.4143
Mixtures 12 320.1326**
Row x Mixtures 24 12.9977
Error (b) 108 24.2738
Total 155
C. V. for main plots 22.31%
C. V. for subplots 16.13%
** Significant at the 0.01 level of probability
Table 4. The analysis of variance for the mean
percentage of stems in the forage - 1973.
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 2.5487
Row spacing 2 28.1428
Error (a) 6 14.2231
Mixtures 12 1586.4133**
Row x Mixtures 24 16.4527
Error (b) 108 12.2682
Total 155
C. V. for main plots 13.84%
C. V. for subplots 12.86%
** Significant at the 0.01 level of probability
Table 5. The analysis of variance for the mean
percentage of grain in the forage - 1973.
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 53.4498
Row spacing 2 73.8946
Error (a) 6 61.9602
Mixtures 12 1518.8947**
Row x Mixtures 24 27.4461
Error (b) 108 46.7658
Total 155
C. V. for main plots 23.94%
C. V. for subplots 20.80%
**Significant at the 0.01 level of probability
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Table 6. The analysis of variance for the dry matter
yield of the corn-sorghum mixtures - 1974.
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 0.3189
Row spacing 2 17.1104^
Error (a) 6 2.2826
Mixtures 12 16.9701^
Row x Mixtures 24 1.4627
Error (b) 104 1.54
Total 151—
C. V. for main plots 22.25%
C. V. for subplots 18.28%
♦Significant at the 0.05 level of probability 
♦♦Significant at the 0.01 level of probability 
1/ Degrees of freedom reduced by 4 due to missing plots.
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Table 7. The analysis of variance for the mean
percentage of dry matter in the forage - 1974.
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 5.1854
Row spacing 2 7.9302
Error (a) 6 32.3209
Mixtures 12 63.6237*
Row x Mixtures 24 33.8606
Error (b) 104 29.80
Total 1511/
C. Vo for main plots 15.83%
C. V. for subplots 15.20%
♦Significant at the 0.05 level of probability 
1/ Degrees of freedom reduced by 4 due to missing plots.
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Table 8. The analysis of variance for the mean
percentage of leaves in the forage - 1974.
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 60.8365
Row spacing 2 11.0877
Error (a) 6 69.2286
Mixtures 12 142.4601**
Row x Mixtures 24 22.7254
Error (b) 104 25.75
Total 151.?/
C„ V. for main plots 25.86%
Co Vo for subplots 15.77%
**Significant at the 0.01 level of probability 
1/ Degrees of freedom reduced by 4 due to missing plots.
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Table 9. The analysis of variance for the mean
percentage of stems in the forage - 1974.
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 5.0651
Row spacing 2 43.9097
Error (a) 6 16.4452
Mixtures 12 997.2541^
Row x Mixtures 24 30.8373
Error (b) 104 23.59
Total 151—^
C. V. for main plots 15.08%
C. V. for subplots 18.06%
♦♦Significant at the 0.01 level of probability 
1/ Degrees of freedom reduced by 4 due to missing plots.
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Table 10. The analysis of variance for the mean
percentage of grain in the forage - 1974.
Source
of
variation
Degrees
of
freedom
Mean
square
Replications 3 80.2939
Row spacing 2 56.8670
Error (a) 6 45.6364
Mixtures 12 1332.6661 ♦♦
Row x Mixtures 24 48.7590
Error (b) 104 55.42
Total 153J/
C. V. for main plots 20.18%
C. V. for subplots 22.24%
♦♦Significant at the 0.01 level of probability 
1/ Degrees of freedom reduced by 4 due to missing plots.
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